INTRODUCTION {#sec1-1}
============

The marine environment is an exceptional reservoir of bioactive natural products, many of which exhibit structural/chemical features not found in terrestrial natural products. Because of the physical and chemical conditions in the marine environment, almost every class of marine organism exhibits a variety of molecules with unique structural features ([@ref1]). Seaweeds can be divided into the brown (Phaeophytes), green (Chlorophytes), and red (Rhodophytes) seaweeds. Red and brown algae have been used as human food sources and traditional medicine since ancient times ([@ref2]).

Seaweeds have caused an emerging interest in the biomedical area, mainly due to their contents of bioactive substances which show great potential as anti-inflammatory, antimicrobial, antiviral, antioxidant, anti-Alzheimer and antitumor activities ([@ref2][@ref3]). Substances currently received most attention from pharmaceutical companies or from academic researchers for drug development or for drug design include fucoidans, a group of sulfated polysaccharides purified from brown algae, possessing a variety of pharmacologic effects, including anticancer and anti-inflammatory properties ([@ref4]). Other substances biosynthesized by algae with economic impact in food science and in human health include carotenoids, natural pigments, used as antioxidant compounds reducing the incidence of many diseases especially those mediated by light ([@ref5]).

*Cystoseira* (Cystoseiraceae) is a widely distributed genus of brown algae with antibacterial, antifungal, and cytotoxic activities ([@ref6]). Many compounds such as terpenoids, alkaloids, polysaccharides and steroids have been isolated from different species of the Mediterranean brown algae of the genus *Cystoseira* but few studies on pharmacological properties of these compounds have been published ([@ref7]). Recent data has shown more than 150 species of marine algae from coastlines of Iranian islands and Hormozgan Province ([@ref8]). There have been only a few studies on the pharmacological effects and especially phytochemistry of the marine algae in this region of Iran. Hence, it is necessary to conduct a comprehensive study on screening of the pharmaceutical activities of marine algae. In this study some properties of two *Cystoseira* extracts including antioxidant activity, cytotoxic potential and phytochemical screening were investigated.

MATERIAL AND METHODS {#sec1-2}
====================

 {#sec2-1}

### Authentication of plant material {#sec3-1}

The seaweeds were collected from the Persian Gulf coasts of Iran, Bushehr Province. Voucher specimens (No. 2665 and 2666) were deposited in the herbarium of the School of Pharmacy and Pharmaceutical Sciences of Isfahan University of Medical Sciences and were identified by Agricultural and Natural Resources Research Center of Bushehr.

### Preparation of the extracts {#sec3-2}

The plant samples were cut into small pieces, completely air-dried and stored in glass containers until extraction. About 100 g of the dried plant material was macerated for five days with methanol. The extracts were filtered through 2 layers of cotton fabric and evaporated at room temperature, under reduced pressure to the dry residue and stored in sterile vial pending phytochemical and cytotoxic tests ([@ref9]).

### In vitro cytotoxicity assay {#sec3-3}

The extracts were tested using MCF-7 (human breast adenocarcinoma), HeLa (cervical carcinoma), HT-29 (human colon adenocarcinoma) cells and human gingival fibroblast (normal cell). The cancer cell lines and normal cell were grown in Dulbeccos Modified Eagle Medium (D-MEM) supplemented with 10% fetal bovine serum (FBS). Cells were seeded in 96-well (cancer cells 3500 cells/well, normal cell 5000 cells/well) and allowed to adhere for 24 h at 37^ᴼ^ C with 5% CO~2~ in fully humidified incubator. Then 100 µl of serially diluted concentration of samples in medium were dispensed into the wells of the cell plates and incubated further for 72 h. After removal of the sample medium, the cells were topped up with 200 µl D-MEM medium and incubated. After 72 h cells were fixed with cold 40% trichloroacetic acid and in 4 ^ᴼ^C for 1 h and washed with tap water. The cells were determined by sulforhodamin assay. The absorbance was measured at 492 nm using a microplate reader (BioTeck, Germany). Percentage of dead cells was calculated in comparison to the control. The concentration of the extract that inhibited 50% cells growth (IC~50~) was determined from the graph plotted by the concentration *vs* percentage of dead cells. The cytotoxic activities of all the extracts against breast cancer cell lines were labeled according to the National Cancer Institute (NCI, USA) criteria (highly inhibiting activity means IC~50~≤ 20 μg/mL) ([@ref10][@ref11]).

### Phytochemical screening {#sec3-4}

The phytochemical analyses of the seaweed extracts were carried out using the methods of Harborne ([@ref12]). Following phytochemicals were evaluated.

Alkaloids

About 0.2 g of extract was warmed with 1% of aqueous hydrochloric acid for two minutes. The mixtures were filtered and few drops of Dragendorff\'s reagent (Sigma, USA) were added. A reddish-brown color and turbidity with the reagent indicated the presence of alkaloids.

Flavonoids

Small quantities (2 g) of the extracts were dissolved in 10% of sodium hydroxide (NaOH) and hydrochloric acid (HCl). A yellow solution that turned colorless on addition of HCl indicated the presence of flavonoids.

Anthraquinones

5 g of the extracts was shaken with 10 mL of benzene. The solution was filtered and 5 mL of 10% NH~4~OH solution was added to the filtrate. A pink, red or violet color in the ammoniacal (lower) phase indicated the presence of anthraquinones.

Cardiac glycosides

The test method is referred to as Lieberman\'s test. A small quantity of the extracts was dissolved in 2 mL of acetic anhydride and cooled in ice. Sulphuric acid (conc.) was then carefully added. Color change from violet to blue to green indicated the presence of a steroidal nucleus (that is algycone portion of the cardiac glycoside).

Tannins

5 mg of the powdered extracts was stirred with 10 mL of hot distilled water, filtered and ferric chloride was added to the filtrate and observed for blue-black, blue-green or green precipitate.

Sterols and triterpens

The test for steroids was performed using the Lieberman acid test. A portion of the extract was treated with drops of acetic anhydride. Concentrated H2SO4 was carefully added to the side of the test tube. The presence of a brown ring at the boundary of the mixture was taken as positive result.

Saponins

0.1 g of the powdered extract was boiled in 10 mL of distilled water for 5 min and decanted while still hot. The filtrate was used for the following tests: frothing test (a); 1 mL of filtrate was diluted with 4 mL of distilled water and mixture was shaken vigorously and observed for persistent foam which lasted for at least 15 min, and emulsion test (b); this was performed by adding 2 drops of olive oil to the frothing solution and shaken vigorously. Formation of an emulsion indicated a positive test.

Cyanogenic glycosides

Cyanogenic glycosides were identified by subjecting 2 g extract in 10 mL sterile water with few drops of chloroform, and were filtered. Sodium picrate paper was added to the filtrate and heated to boiling. Change in color indicated the presence of cyanogenic glycosides.

### Determination of total phenolics {#sec3-5}

The powdered plant material (20 g of each sample) were weighed in to 50 mL flask, extracted with 30 mL of ethanol 40% using sonicator for about 30 min and shaking for about 10 min. After allowing the extracts cool down to room temperature, the flasks were filled to full volume with extraction solvent.

Preparation of standard

20 mg of gallic acid and 30 mL EtOH 40% were added into 50 mL volumetric flask and sonicated until no solid was present in the flask. After allowing the solution cool down to room temperature, the flask was filled with extraction solvent. The standard solution was diluted several times.

1 mL of standard solution transferred to 100 mL volumetric flask with 60-70 HPLC grade water. The contents swirled to mix. 5 mL of Folin-Ciocalteu\'s phenol reagent (Merck, Germany) was added and mixed again. After 1 min and before 8 min, 15 mL of sodium carbonate solution was added, the time recorded as time zero. The volume was made up to 100 mL exactly with HPLC grade water. The flask stoppered and mixed thoroughly by inverting it several times. After 2 h the UV absorption range at 550-850 nm and maximum absorbance about 760 nm recorded. Same solution without the extraction solution used as blank solution ([@ref12]).

### 2,2-diphenyl-1- picrylhydrazil free radical scavenging assay {#sec3-6}

The free radical scavenging activity was measured using the 2,2-diphenyl-1-picrylhydrazil (DPPH) assay. Sample stock solutions (1.0 mg/mL) of the extracts were diluted to final concentrations of 243, 81, 27, 9, 3, and 1 μg/mL, in ethanol. One mL of a 50 μg/mL DPPH ethanol solution was added to 2.5 mL of sample solutions of different concentrations, and allowed to react at room temperature. After 30 min the absorbance values were measured at 518 nm and converted into the percentage antioxidant activity (AA) using the following equation:
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Ethanol (1.0 mL) plus plant extracts solutions (2.5 mL) were used as the blank. DPPH solution (1.0 mL) plus ethanol (2.5 mL) was used as a negative control. The positive controls (ascorbic acid, Butylated hydroxyanisole (BHA), and Butylated hydroxytoluene (BHT) were those using the standard solutions. Assays were carried out in triplicate ([@ref13])

### Statistical analysis {#sec3-7}

One-way analysis of variance (ANOVA version 16) and Scheffe post hoc were used for data analysis.

RESULTS {#sec1-3}
=======

Phytochemical analysis of the extracts of seaweeds tested showed that the most abundant constituents of the *C. indica* were saponins, sterols, and triterpenes fallowed by tannins, alkaloids, flavonoids, and anthraquinones. Cyanogenic and cardiac glycosides were absent in this alga. In *C. merica* tannins were the most abundant compounds fallowed by saponins, tannins, sterols, and triterpenes. Cyanogenic glycosides were not present. [Table 1](#T1){ref-type="table"} demonstrates the presence of secondary metabolites.

###### 

Phytochemical constituents of *Cystoseira* species
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The amount of total phenol was determined with the Folin-Ciocalteu reagent. Gallic acid was used as a standard compound and the total phenols were expressed as mg/g gallic acid equivalent using the standard curve equation:

y = 1.1771x -- 0.0252, R^2^ = 0.9958 (2)

where, y is the absorbance at 760 nm and x is the total phenolic content in the extracts of different algae expressed in mg/l. [Table 1](#T1){ref-type="table"} shows the contents of total phenols measured by Folin-Ciocalteu reagent in terms of gallic acid equivalent. The total phenol in selected seaweeds was 0.078, and 0.036 mg in 1 gram dry extract in *C. indica* and *C. merica*, respectively.

The cytotoxicity data for the extracts against MCF-7, HeLa, and HT-29 cells are displayed in Figs. [1](#F1){ref-type="fig"}--[3](#F3){ref-type="fig"}. Cytotoxic results showed that all species could inhibit cell growth effectively ([Table 2](#T2){ref-type="table"}), especially MCF-7 cell line (IC~50~ = 83.9 and 69.9 for *C. indica* and *C. merica*, respectively).

![The cytotoxic effect of *C. indica* and *C. merica* on HeLa cell line.](RPS-11-311-g003){#F1}

![The cytotoxic effect of *C. indica* and *C. merica* on MCF-7 cell line](RPS-11-311-g004){#F2}

![The cytotoxic effect of *C. indica* and *C. merica* on HT-29 cell line.](RPS-11-311-g005){#F3}

###### 

Cytotoxic activity shown as IC~50~ of the tested seaweeds on three different cell lines
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The antioxidant activity of the seaweed extracts was measured on the basis of the scavenging activity of the stable DPPH free radical. IC~50~ value is inversely related to the antioxidant activity. The extracts of two algae were found to have different levels of antioxidant activity. The results of DPPH free radical scavenging activity on the two extracts are shown in [Table 3](#T3){ref-type="table"}.

###### 

Antioxidant activity of the seaweeds presented as IC~50~
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DISCUSSION {#sec1-4}
==========

Pharmacognosy, which literally means studying medications of natural sources, has been a part of medical arts and sciences since mankind first began to treat illnesses ([@ref14]). Up till now, more than 2400 marine natural products have been isolated from seaweeds of subtropical and tropical populations ([@ref15]). Certain algae have long been used in traditional Chinese herbal medicine in the treatment of cancer ([@ref16]). Many studies have been developed in order to determine the bioactive compounds produced by marine algae. Antioxidant and cytotoxic activities are one of the most important specificities of marine algae. Some metabolites such as bromophenols, carotene and steroids have so far been isolated and purified from some algae and their activity against some cancer cell lines have been demonstrated ([@ref17]). Species of *Cystoseira* are the most widespread marine flora along the Mediterranean coasts and represent one of the most important elements of the ecosystem. The genus is also one of the most studied marine genera, from both biological and chemical viewpoints, and has been used as a model system for chemotaxonomic studies ([@ref18]).

In this research an effort was made to study the similarity and differences in two *Cystoseira* species in terms of phytochemical analysis and bioevaluation. Phytochemical tests revealed many similarities than variations. The major difference between the two plants was the presence of cardiac glycosides in *C. merica*. The amount of tannins, sterols and triterpenes, saponins and flavonoids were also different. There are several reports demonstrating the phytochemical constituents of seaweeds, mangroves and other marine life forms, but only limited information is available for seaweeds especially from Iran.

Regarding cytotoxic activities both species were more effective and equipotent against MCF-7 cell lines than HT-29 and HeLa cell lines. The results of the present investigation are in line with the earlier reports ([@ref19][@ref20]).

In the current study the sulforhodamine B (SRB) protein stain assay was used instead of methylthiazol tetrazolium (MTT) calorimetric assay for *in vitro* chemosensitivity testing of various human tumour cell lines. The SRB assay provides a better linearity with cell number than the MTT assay, even at a suboptimal wavelengths. The SRB assay is, because of its large linearity range, suitable for studying chemosensitivity of subconfluent monolayers and multilayer cell clusters containing large amounts of cells. In contrast to the MTT assay, SRB staining is stable and plates can be stored for several weeks up to several months. In addition, the protein assay can be interrupted at several steps during the protocol ([@ref21]). The SRB assay provides not only a higher sensitivity but also a lower variation between cell lines. This underlines the advantage of the SRB assay, which does not depend on enzymatical activity but on protein content. The SRB assay has now been used as a chemosensitivity test in different laboratories with more than 25 cell lines such as squamous cell carcinoma and colon, ovarian, breast, and prostate cancer, fibroblasts, and leukaemia, and bone marrow cells with a different histological origin from man, rat, and mouse. The variation in optical density between these cell lines is less than in a comparable panel of cell lines tested with the MTT assay ([@ref22][@ref23])

The result of the present study showed that the extract of *C. indica*, which contains highest amount of phenolic compounds exhibits a great antioxidant activity. The high scavenging property of *C. indica* is related to hydroxyl groups existing in the phenolic compounds.

Marine algae, including *Cystoseira* species are considered to be healthy food items, especially in Asia due to their low content of lipids, and high levels of polysaccharides, vitamins, and polyunsaturated fatty acids. Besides their primary metabolites, they are capable of producing interesting secondary metabolites that help them to survive in complex habitats. These seaweeds are characterized by polyphenols (phlorotannins), but they also contain other secondary metabolites such as halogenated terpenes, alkaloids, carotenoids, and sulfated sterols ([@ref24][@ref25]). Several studies have proved the antioxidant, antitumor, antimicrobial, antiviral, and antiinflammatory activities of brown algae and/or their secondary metabolites ([@ref26][@ref27]). However, only a few studies have been performed on cytotoxic and antioxidant activities and especially phytochemistry of these marine plants in Iran.

The current work highlights the potential of *Cystoseira* species from Persian Gulf, as excellent sources of novel natural products with cytotoxic and antioxidant activities. Since the starting materials (algal extracts) are devoid of high toxicity, brown algae-derived natural products could prove real cytotoxic hits. To the best of our knowledge, this is the first report about comparison of these two *Cystoseira* species of Iranian coastlines. The extracts will be undergoing further fractionation in order to isolate and characterize their active principals.

CONCLUSION {#sec1-5}
==========

The extracts of two *cystoseira* seaweeds from Persian Gulf, Iran were screened for their antioxidant, cytotoxic, total phenolic content and phytochemical analysis. Phytochemical and cytotoxic results were similar, with few differences, in both algae. *C. indica*, however, indicated higher amount of phenolics and higher antioxidant activity. Both species inhibited cell growth effectively, especially against MCF-7 cell line. These seaweed extracts and their active components could emerge as natural and alternative antioxidants or serve as starting points for synthesizing more effective cytotoxic drugs.
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